I N T R O D U C T I O N CHONDRICHTHYAN FISHES (SHARKS, RAYS AND CHIMAERAS)
The sharks, rays and chimaeras (ghostsharks), collectively known as the 'cartilaginous fishes', comprise one of the two major taxonomic groups of contemporary fishes, the class Chondrichthyes. The earliest known chondrichthyans appear to have existed in the late Silurian period more than 400 million years ago. Today, more than 1200 species live in the seas and freshwater and estuarine systems of the world. The other major extant group, the Osteichthyes (Actinopterygii) or bony fishes, makes up about 95% of the modern fish fauna and includes forms such as the tunas, mackerels and cods.
The main difference between the two major groups is that the bony fishes have a skeleton made of bone, whereas chondrichthyans have a cartilaginous skeleton without true bone, although it was apparently present in ancestral cartilaginous fishes. Bone was probably lost in the evolution of contemporary groups to reduce body weight and facilitate buoyancy. Other features that, in combination, distinguish the chondrichthyans from bony fishes include the presence of small, structurally tooth-like scales (dermal denticles), a skull without sutures, a mouth and nostrils that are usually on the underside of the head, pelvic claspers on males, and teeth that are either continuously replaced and embedded in the gums (rather than attached to the jaws) or that are fused into plates that grow with the animal.
All sharks and rays fertilise ova internally and produce large yolked eggs (about 65% are also viviparous). They retain urea in their blood to control osmosis; the urea on breaking down after death gives them their characteristic smell of ammonia. Cartilaginous fishes are predators and they have evolved a battery of finely tuned sensory systems to locate their prey. In addition to the more common senses of smell, hearing, vision, touch and taste, they are also able to detect vibrations through the lateral line system and are highly sensitive to electrical and magnetic fields. They have a relatively large brain to handle and process this diverse array of sensory information.
Cartilaginous fishes occupy a variety of habitats. They are found in all oceans of the world, from near the shoreline to the deep abyss. They are most numerous shallower than 2000 m in tropical and warm temperate continental marine habitats, but a few species are found in freshwater and hypersaline habitats and some deeper than 3000 m.
The evolutionary relationships of the chondrichthyan fishes are not fully understood and there is some disagreement between taxonomists as to their phylogeny. Cartilaginous fishes comprise two easily distinguishable taxonomic subgroups: the Elasmobranchii (sharks and rays) and Holocephali (chimaeras or ghostsharks). Elasmobranchs have been further subdivided into 2-6 superorders with most of these groups dominated by 'true sharks'. However, some shark groups appear to be more closely related to 'rays' than to other sharks. Evolutionary issues, however, are beyond the scope of this book so sharks, rays and chimaeras are conveniently treated as 3 separate groups. The term 'sharks and rays' has been used broadly in many texts, including the title of this guide, to refer to all cartilaginous fishes.
The 'true sharks' are mainly fusiform in shape (a few are depressed and ray-like) with 5-7 gill openings. They have one or two dorsal fins with or without spines, usually an anal fin (absent in some species), and most have a well-developed caudal fin for swimming. The 34 or so families are represented by about 500 living species of sharks worldwide and only a few are regularly found in freshwater well away from marine influences. The most important features for identifying sharks are colour, body shape, fin size and position, and tooth shape and number. Fully grown sharks can be as small as 20 cm or as large as 1200 cm, but the average length is about 150 cm. A few species feed on plankton, but most are predators at the top of the food chain, with some taking very large prey such as marine mammals. About 70% of sharks bear live young, while the remainder lay eggs protected by horny cases. A number of species are commercially important, mainly for their meat and fins.
'Rays' are thought to have evolved from sharks. Most are dorsoventrally flattened as an adaptation for life on the bottom, however, some are rather shark-like in form and a few live near the surface or in the open ocean. They differ from sharks in having greatly enlarged (often wing-like) pectoral fins attached to the head in front of 5-6 ventrally located gill openings. The pectoral fins and the body together often form a large structure which is referred to as the 'disc'. Living forms usually have one or two dorsal fins (occasionally none) without fin-spines, a thin (often whip-like) tail, and no anal fin. There are 23 or so families and more than 600 living species of rays worldwide; like sharks, most are marine, although a few sawfishes and stingrays live in freshwater. The important features for identifying ray species include colour, disc and tail shape, structure of the oronasal region, dorsal-fin position, and the distribution and shape of dermal thorns and denticles. When fully grown, rays vary from only 25 cm long to a massive 880 cm long with a disc width of up to 670 cm (length measurements are not always useful in describing their size because the long, whip-like tails of some species are often damaged). Most species prey largely on invertebrates or small fish, but many scavenge for food, and some pelagic forms are plankton feeders. Apart from skates, which are oviparous, rays bear live young, some with a placenta-like connection between the female and the embryo. In many parts of the world, stingrays and skates are of considerable commercial importance for food.
Chimaeras probably evolved from an ancient shark group. They differ from true sharks and rays in having the upper jaw fused to the skull, only one external gill opening (compared with 5-7 in sharks and rays), and a largely naked skin. They have additional claspers on the head and in front of the pelvic fin of adult males, and their teeth are fused into plates which are often beak-like. They have a strong spine in front of the first dorsal fin, large pectoral fins, a weak (often partly filamentous) caudal fin, and may have a small anal fin that is barely separable from the caudal fin. There are 3 families and about 45 living species of chimaeras in marine waters worldwide; they are found mainly in deepwater on the continental slopes, although some commercially important species occur inshore in relatively shallow water. The features important for identifying chimaeras include the head shape, fin positions and shape, the relative sizes of the first dorsal fin and spine, tooth plate structure, and colour. Fully grown, they vary in length from about 50-200 cm. All living species are oviparous and feed mainly on bottom-dwelling invertebrates.
Studies of sharks and rays
We know less about the taxonomy and biology of chondrichthyan fishes than we know of the more commercially important bony fishes. However, a recent worldwide resurgence in chondrichthyan systematics has resulted in some extensive reviews and revisions of major groups. Compagno's (1984) excellent two-part FAO series Sharks of the World included much new information as well as a review of our biological knowledge of the world's shark fauna; it has been rightly considered to be the modern shark taxonomists 'Bible'. This series is currently being revised (Compagno 2001) and a smaller, popular version has been produced (Compagno et al. 2005) . The order Carcharhiniformes has been revised and reviewed by Compagno (1988) and the diverse family Carcharhinidae reviewed by Garrick (1982 Garrick ( , 1985 . The scyliorhinids were revised by Springer (1979) , the sphyrnids by Gilbert (1967) , and the squalids by Bigelow and Schroeder (1957) . Studies by Springer (1964 ), Garrick (1967 ), Heemstra (1973 and Dingerkus and DeFino (1983) , have led to revisions of several smaller shark groups.
The taxonomy of most ray and chimaera families is less well known. Major species-level taxonomic problems exist in the Indo-Pacific region in particular and very few of the genera have been revised on a worldwide basis. Only one recent study, a review of the mobulid rays by Notarbartolo-Di-Sciara (1987), attempts to review most of an entire family of more than a single species.
Some of the shark and ray faunas of regions outside Australia have been described in detail during the last half century. The sharks of the east coast of southern Africa were treated in an excellent series of reports by Bass et al. (1973 Bass et al. ( , 1975a Bass et al. ( -d, 1976 . For the North Atlantic chondrichthyan fauna, the western component was treated by Bigelow and Schroeder (1948, 1953) , and the eastern component by Cadenat and Blache (1981 (Wheeler 1953 (Wheeler , 1959a (Wheeler , b, 1960 (Wheeler , 1962 , southern Africa (Wallace 1967a-c), Madagascar (Fourmanoir 1961) , Seychelles (Smith and Smith 1963 ), New Caledonia (Fourmanoir 1975 -1979 , Japan (Masuda et al. 1984; Nakaya 1975 ) and New Zealand (Garrick 1954 -1960 Paulin et al. 1989) . Popular books on the chondrichthyan faunas (mainly dealing with sharks) of different regions have been produced for South Africa (Compagno et al. 1989) (1956) (1957) (1958) (1959) (1960) (1961) , Stead (1963) and Grant (1978) , dealt with aspects of the Australian shark and ray fauna but did not make major original contributions. Prior to publication of the first edition of this book, several relatively recent, regional guides to Australian fishes provided new information on Australian sharks and rays: Scott et al. 1980; Maxwell 1980; Last et al. 1983; Hutchins and Thompson 1983; Gloerfelt-Tarp and Kailola 1984; Sainsbury et al. 1985; May and Maxwell 1986; Allen and Swainston 1988; and Gomon et al. 1994 . In the first version of a catalogue of Australian fishes, Paxton et al. (1989) reviewed the scientific literature and listed 177 valid nominal sharks and rays from the region. In a revised version (Hoese et al. 2006) listed 229 species; undescribed taxa identified in the first version of our book were excluded.
Early studies of Australia's fish fauna were compromised because of a lack of specimens and information about the fish communities in the remote or inadequately surveyed parts of Australia's 200 nautical mile fishing zone. Most of the upper continental slope has only been explored in the last 3 decades. Recent deepwater trawl-fish surveys of these areas have provided a better sampling coverage of our coastline and yielded many new records for the region. After examining this material and the holdings of sharks, rays and chimaeras of Australian fish collections, we concluded in the original edition of this book that at least 296 species (166 sharks, 117 rays and 13 chimaeras) occur in Australian waters. This list included 97 species not identifiable from the then current literature, most of which appeared to be new to science. Rather than undertaking the labour intensive task of resolving their nomencla- ture and formally naming them, these species were temporarily referred to in the first edition as sp. A, sp. B, etc. The absence of most of these species in earlier publications, and an increasing interest by industry and the general public in these fishes, provided the impetus for the original 1994 revision of the fauna.
Since the publication of the first edition, 88 of these species have been described and named; 19 in technical papers in formal taxonomic journals and another 69 species in 3 special publications naming new Australian sharks and rays (i.e. Last et al. 2007d . Research in the past decade has led to the discovery of an additional 29 species in Australian seas, of which 18 are newly described. Also, 7 of the species treated in the first edition as named species have since been shown to be undescribed and have been given new scientific names. All of the newly named species, as well as those recently discovered, are treated in this new edition in which we recognise 322 species (182 sharks, 125 rays and 15 chimaeras) from Australian waters.
Habitats
Australia has a long coastline (more than 36 000 km) covering a broad range of climatic zones. The 200 nautical mile Australian Exclusive Economic Zone (EEZ), which includes an array of offshore reefs, banks and seamounts, as well as Lord Howe and Norfolk Islands, covers a total area of about 6.5 million km 2 and is the third largest of any country. The proportion of continental shelf and slope, however, is relatively small compared with other regions of similar total area. The continental shelf varies from about 5 to 400 km wide but, apart from the northern sector, it is very narrow and the adjacent continental slope is steep. Also, Australia is an arid continent and, compared with other large-scale regions, has only a small network of rivers supporting elasmobranch populations. The Great Barrier Reef, which stretches for almost 2000 km along the Queensland coast from about 10° to 24°S and covers over 200 000 km 2 , is a major topographic feature providing diverse habitats for tropical marine life, including sharks and rays.
The Australian continent is bordered by 3 oceans: the Pacific, Indian and Southern Oceans. Faunal distributions are influenced by two major warm currents, and one cold current, the West Australian Current, which is driven by the West Wind Drift and moves in a northerly direction up the western seaboard. The warm currents seasonally bring tropical species into more southerly latitudes. The East Australian Current flows down the New South Wales coast, extending to at least 160 km offshore and to a depth of 1100 m. Off Sydney, surface velocities are greatest in February and least in June-July, with average net southerly drifts of about 32 and 16 km per day, respectively. Effects of the East Australian Current may be felt as far south as Tasmania. The Leeuwin Current, which flows down the west coast of Australia and around the south-west corner of the continent into the Great Australian Bight, is strongest in winter.
Sharks and rays are widely distributed throughout most major habitats of the region. They are found more than 200 km up rivers and in the ocean deeper than 3000 m. However, the fauna below 1500 m has not been well sampled and is virtually unknown. Some species occupy a range of ecological niches, others have narrow geographic and/or depth distributions and subtle habitat preferences. The coastal region, which extends from the intertidal zone to about 30 m depth, contains a rich suite of species, including transients normally found well offshore. The continental shelf fauna, which includes fishes that live primarily between the 30 and 200 m depth contours, is highly diverse with species from both pelagic and demersal habitats. Oceanic fishes, which live beyond the continental shelf margin, occur in close association with the continental slope (from 200 to about 2000 m depth), while others wander freely through the open ocean.
Zoogeography
The distribution patterns of Australian sharks and rays vary greatly from being restricted to Australia (endemic) to widespread throughout the world (cosmopolitan), widespread in tropical regions (circumtropical) or widespread in temperate regions (circumtemperate or antitropical). Between these distributional extremes are those with Indo-Pacific (found in both the Indian and Pacific Oceans) or Pacific distributions, with some occurring only in the Australasian region (Australia, New Zealand and Papua New Guinea). A few species have very patchy or unusual distributions.
The Australian shark and ray fauna, with about 322 extant species, is particularly diverse compared to other regions. For example, fewer than 200 species have been recorded from each of southern Africa, the Japanese Archipelago, the Philippines, the Indonesian Archipelago, and the eastern North Atlantic and Mediterranean Sea, and fewer than 100 species have been recorded from New Zealand. About 19 currently recognised families (ca 40%), 24 genera (ca 30%) but less than 20 species (6%), are shared by all 5 regions. Of these, the IndoWest Pacific regions and South Africa have the most similar faunas to those of Australia; there is considerably less faunal overlap between Australia and the eastern North Atlantic or, surprisingly, with New Zealand. Although New Zealand is close to Australia geographically, it is less subject to extremes of climate, has more uniform sea conditions, less complex marine habitats, and has largely remained isolated from major centres of speciation for millions of years.
More than half of the entire chondrichthyan fauna (51%) is endemic to Australia. Of the 182 species that comprise the shark fauna, 39% of the species are endemic, 31% are widespread, 22% are Indo-Pacific or Pacific, and 8% have Australasian distributions. Only 3 species of sharks are commonly found in freshwater far from the sea. The endemic species include several deepwater sharks from the continental slope that could have more widespread distributions. Almost a half (46%) of Australian sharks are demersal on the continental slope; of the rest, 28% are demersal on the continental shelf, 3% are coastal, 11% are pelagic on the continental shelf, and 12% are oceanic. Most of the endemic sharks are demersal on the continental slope or shelf; a small proportion of the others are pelagic and, not surprisingly, none is oceanic. Most of the Australian endemics are found in tropical or warm temperate areas; only a few occur in southern waters.
Most of the 125 Australian ray species (69%) are endemic to the region; the rest are either part of a wider Indo-Pacific fauna (22%), Australasian (3%), or very widely distributed (6%). Three species can live in freshwater, and these rays spend at least part of their lives in rivers and estuaries. Typically, most of the rays are demersal on the continental shelf or slope (81%) and a few are coastal (9%); about 8% are coastal pelagic or oceanic species, and 2% are estuarine. Almost all of the endemic species are demersal (98%). The 15 Australian chimaeras are all demersal, mainly on the continental slope, and slightly less than a half appear to be regional endemics; more than a quarter (4 species) of the remainder are confined to Australasia.
BIOLOGY OF SHARKS AND RAYS

Reproduction and development
Cartilaginous fishes have a very different reproductive strategy to most bony fishes, which generally produce millions of small eggs that are liberated into the water and fertilised externally. This strategy is relatively wasteful because the unprotected eggs and larvae are subject to high mortality from predation and unfavourable environmental conditions. In contrast, sharks, rays and chimaeras produce fewer, larger eggs or young, fertilisation is internal and the survival rates of offspring are much higher. Internal fertilisation in cartilaginous fishes is accomplished by the paired claspers of the male, which are modifications of the pelvic fin used for transferring sperm to the female. They have a range of reproductive methods varying from simple oviparity (egg-laying) to advanced viviparity (live-bearing), where the embryos may be nourished through a placenta analogous to that of humans. About 65% of sharks and rays are viviparous; viviparity may be favoured in this group because their young are larger and better protected, and because wide-ranging pelagic species are not restricted to certain habitats for egg laying. In oviparous species, such as chimaeras, skates and some sharks, the eggs are protected in horny cases ('mermaid's purses'), which are usually more or less rectangular in shape (although there is considerable variation) with filamentous tendrils at each corner to anchor them to the bottom on weed or rocks. The young embryos are nourished by their yolk supply and usually take from several months to a year to hatch.
In viviparous species the embryos are nourished by a variety of methods. In some, the young hatch out in the uterus and obtain all their nourishment from the yolk sac, which is completely resorbed just before birth. In others, the yolk is supplemented by nutrients secreted by the mother. In the most advanced forms, such as the whaler sharks (Carcharhinidae) and hammerheads (Sphyrnidae), the embryos initially obtain nourishment from the yolk sac, but later in pregnancy the sac becomes modified into a placenta and nutrients are obtained directly from the mother. In the mackerel sharks and some of their allies (Order Lamniformes), the female continues to ovulate after the young have hatched in the uterus and the young sharks feed on this supply of unfertilised eggs (which are much smaller and more numerous than in other chondrichthyans). This form of reproduction is taken to a bizarre extreme in the Grey Nurse Shark (Carcharias taurus) which practices intra-uterine cannibalism; the strongest embryos actively hunt and eat their weaker siblings in the uterus.
In the original edition of this book the term ovoviviparous was used, rather loosely, to describe species that gave birth to live young but where there was no placental connection with the mother. This term has now generally been rejected in favour of more specific terminology describing the supply of nutrients to the embryo in viviparous species. We have followed this approach (after Wourms et al. 1988) in this revised edition, and these terms are explained in the Glossary.
The litters of viviparous sharks range from a single pup in a few species to 300 pups in one species, but are normally between two and 40. The size at birth ranges from about 6 cm in the smallest species to possibly 160 cm in the Pelagic Thresher (Alopias pelagicus). Gestation usually lasts about 12 months but varies between species from 6-22 months. Some sharks and rays give birth throughout the year, while in other species birth is distinctly seasonal; young may be produced every year, every two or 3 years or in a few cases twice a year. To protect the young from predation by other sharks of the same species, and to reduce competition for food, most sharks and rays tend to segregate by size or sex (or both). The young may stay in nursery areas that are well away from adult populations.
Age and growth
Sharks and rays generally grow more slowly than bony fishes. Growth can be measured directly in captivity (although this may well be different from growth in the wild) or from tagging experiments in the wild. Alternatively, growth can be calculated by estimating the animal's age from growth rings in hard skeletal parts such as the vertebrae or dorsal-fin spines.
Most species of sharks whose age and growth have been estimated seem to have life spans of 15-25 years and take 6-7 years to attain sexual maturity. Some freshwater stingrays (Himantura species) and carcharhinids (Rhizoprionodon species) reach sexual maturity in 1-3 years and live for 5-10 years. At the other extreme, the Whitespotted Spurdog (Squalus acanthias) and Leafscale Gulper Shark (Centrophorus squamosus), do not mature until they reach 20-40 years and live for at least 70 years. School Sharks (Galeorhinus galeus) tagged in Australia have been recaptured after 42 years, indicating that this species can live for about 60 years. Some of the large pelagic sharks, such as the Blue Shark (Prionace glauca) and White Shark (Carcharodon carcharias), show the fastest absolute growth rates of about 30 cm annually to maturity.
Functional morphology
The body form of sharks and rays mostly reflects their way of life. 'Typical sharks' have streamlined, fusiform bodies, a longish snout and pectoral fins, and a tail fin with the upper lobe longer than the lower lobe. Sharks control their position in the water by balancing the action of the upper tail lobe (which drives the shark downwards) against lift produced by the pectoral fins and the flattened underside of the snout. Buoyancy control with minimum energy expenditure is important; while bony fishes evolved gas-filled swim bladders, sharks reduced their density by replacing heavy bone with lighter cartilage and by acquiring large oily livers. Bottom-dwelling sharks and rays usually have denser bodies than their pelagic counterparts. 'Typical sharks' can cruise at around 2-5 km per hour with short sprints of at least 30 km per hour. The dermal denticles covering the skin of sharks, particularly pelagic species, may channel the water to produce laminar flow and reduce friction over the body -making the shark 'hydrodynamically quiet' and perhaps providing some advantage when stalking prey.
There are many variations in chondrichthyan body form. Almost all rays and some sharks have become dorsoventrally flattened as an adaptation for life on the bottom. In most rays, which are normally slow moving, locomotion is achieved by vertical muscle waves passing along the enlarged pectoral fins. Some of the more active pelagic rays with this general body form, such as the devilrays (Mobulidae), have strong, rather firm, wing-like pectoral fins with pointed apices (rather than rounded) to suite this mode of existence.
The mackerel sharks (Lamnidae) have also become highly specialised for a pelagic existence. They have a cone-like cylindrical body close to the perfect hydrodynamic shape, a caudal fin that provides maximum thrust with minimum drag, and large gills. A heat exchanger system maintains their body temperatures at 5-11°C above ambient water temperatures, making muscle operation more efficient. The Shortfin Mako (Isurus oxyrinchus), which is the fastest chondrichthyan fish, can leap repeatedly out of the water; to do this requires a starting velocity of about 35 km per hour.
Many deepsea sharks achieve near-neutral buoyancy with large livers full of oil that have a low specific gravity. This allows them to hang nearly motionless in the water or to ascend or descend after prey more quickly than fish with gasfilled swim bladders. Some of the largest chondrichthyans, the Basking Shark (Cetorhinus maximus), Whale Shark (Rhincodon typus) and Manta Ray (Manta birostris), feed on plankton by cruising slowly near the surface; these species also have large oily livers and are close to neutral buoyancy. Some extremes of body form are evident in the group. The head of hammerhead sharks (Sphyrnidae) acts as a hydrofoil, giving these fishes great manoeuvrability which enables them to catch agile prey such as squid. The enormously long tail of thresher sharks (Alopiidae), like the 'bill' of marlins and swordfish, is used rather like a baseball bat to stun fish. The long, flexible, eel-like body of the Frill Shark (Chlamydoselachus anguineus) may be an adaptation for hunting prey hidden in caves and crevices. The sharp, saw-like snout of sawsharks (Pristiophoridae) is equipped with tactile barbels and electroreceptors. It is probably used for flushing prey out of the substrate and, as in sawfishes (Pristidae), may act as a weapon for disabling prey.
Teeth and diet
The teeth of sharks and rays are replaced continuously throughout life. Replacement overcomes the problem of living with broken and blunt teeth and allows the teeth to increase in proportion to the size of the fish. In whaler sharks (Carcharhinidae), each tooth is replaced every 8-15 days. The teeth of chimaeras, which feed mainly on molluscs and other invertebrates, grow continuously, as they are worn down with use, rather like the incisors of rodents. The shape of the teeth is an important taxonomic character. It also varies between the sexes in some groups: males of many rays have longer, sharper teeth than females, and some catsharks (Scyliorhinidae) have extra cusps on the teeth of females. Such differences in tooth structure may also reflect a subtle difference in diet between the sexes.
There is considerable variation in tooth shape and function, although most are variants of 3 basic types. Most rays and skates, as well as some sharks, have grinding, molariform teeth adapted for an invertebrate diet. Many sharks have essentially triangular or blade-like cutting teeth for feeding on fish and cephalopods, and occasionally larger prey such as turtles and marine mammals. Some predators of fish and cephalopods have long fang-like teeth for seizing and holding the prey, which may then be swallowed whole.
The popular belief that all sharks are scavengers is a misconception. Many species are very selective feeders, although they may opportunistically exploit other prey. For example, whaler sharks feed mainly on small fish and squid, Port Jackson sharks (Heterodontus species) feed largely on sea urchins, gummy sharks mainly on crustaceans, and some weasel sharks (Hemigaleus species) on cephalopods. Some species of sharks, such as the Tiger Shark (Galeocerdo cuvier) and Bull Shark (Carcharhinus leucas), are omnivorous. Rays tend to be less specialised feeders than sharks, but still often have preferred groups of prey. Research has shown that co-existing species of stingarees (Urolophidae) have preferences for either invertebrates living on the bottom (mainly crustaceans) or animals buried in the sediments (mainly polychaete worms). Some chondrichthyans are highly specialised feeders: a few sharks and rays eat only plankton; the Tawny Shark (Nebrius ferrugineus) feeds by suction; some kitefin sharks (Dalatiidae) are ectoparasitic, ambushing and biting their unsuspecting host, then rolling on the bite to remove an almost circular patch of flesh ('cookie-cutting').
A battery of sense organs is used in prey detection. Both sharks and rays use electroreception to detect small electric fields emanating from their prey at close range. Their lateral line system, which is sensitive to vibrations and pressure changes, is used mainly for detecting prey over middle distances (i.e. to a 100 m or so). The sense of smell is very acute in some sharks, which can detect fish oil and blood in concentrations of about one part per million over a long distance (i.e. in the scale of kilometres). The more common senses of vision, taste and touch are also used in prey detection at close range.
Ecological role
Chondrichthyan fishes, particularly sharks, contain many species at or near the top of the marine food chain and thus play an important role in the ecosystem. Large predators, whether on land or in the sea, help keep the population sizes of their prey in check; they also maintain the 'genetic fitness' of their prey by weeding out the sick and weak. Ecological balance within fish communities is such a complex process that we cannot accurately predict what the effects of human interference may be. In the absence of more precise information, however, the roles of these fishes should not be underestimated. Indiscriminate removal of apex predators from marine habitats could disastrously upset the balance within the sea's ecosystems.
IMPACT OF SHARKS AND RAYS ON HUMANS
Shark attack
The incidence of shark attack on humans has in the past been exaggerated out of all proportion to the facts, largely by sensational media reporting and popular films such as Jaws. While there is still a general misconception of the dangers from sharks, a number of more recent factual accounts and more responsible reporting by some elements of the media are helping to redress the situation. The reality that shark attack is not a major killer of Australians is slowly becoming appreciated.
In fact, humans are a far greater threat to sharks than sharks are to humans. Why sharks attack people is still not fully understood, although it is clear that not all attacks are directly related to feeding. The pattern of bite wounds on victims and the reported behaviour of the shark suggest that many attacks may be a reaction to an invasion of the shark's personal space or to a perceived threat, in which case a victim may be mouthed (causing minor lacerations) and then released. Some attacks, particularly by White Sharks, are probably cases of mistaken identity: a diver in a black wet suit may resemble a seal, which is a food item for an adult White Shark. Similarly, a surfer paddling a board at the surface may resemble a seal to a White Shark, or a slow-moving tuna to other active sharks such as the whalers. After heavy rain, which may increase coastal turbidity and bring prey species close inshore, sharks may become over-stimulated to bite at almost anything. Very occasionally, when a victim is repeatedly attacked, the attacks may be direct feeding responses, usually from one of the few larger, omnivorous species. While there has been considerable research into the development of chemical, electrical and mechanical shark repellents, none is currently effective against all species under all conditions. Only a few shark species are potentially dangerous to humans. There are about 500 species worldwide, but nearly all fatal attacks can be attributed to only 4 species. The White Shark is responsible for most cool-water attacks, particularly on divers. The Tiger and Bull Sharks, which are often found inshore in shallow water, are large, warm-temperate and tropical species with omnivorous diets. Both have attacked swimmers, particularly in murky waters near shore or in estuaries. The Oceanic Whitetip (Carcharhinus longimanus), while not normally found close to land, has probably been responsible for many open-ocean attacks, particularly after air or shipping disasters. Some of the larger members of the whaler family are abundant inshore in some regions and may become aggressive to swimmers. The Dusky Shark (Carcharhinus obscurus) and Bronze Whaler (Carcharhinus brachyurus) have menaced divers and surfers off southern Australia, but serious injury from these species is rare.
The bad reputations of hammerheads and the Grey Nurse Shark are ill-founded. Large hammerheads are capable of causing serious injury, but few fatalities can be attributed to them. They are usually timid towards divers, but can be a nuisance to spearfishers. Shark attacks off eastern Australia have sometimes been attributed to the Grey Nurse Shark. This unfortunate, fearsome-looking but docile, shark has been hunted ruthlessly by spearfishers after being wrongly blamed for these attacks. Other sharks, even bottom-dwelling species such as the wobbegongs (Orectolobidae), may attack if provoked or disturbed.
Control of sharks
Shark nets have been associated with a reduction in the number of shark attacks off popular beaches in New South Wales and Queensland, but their use is controversial. These nets catch local sharks, reducing their numbers and the statistical chances of attack, but they do not prevent the sharks from entering an area. Not all areas can be netted (ideal locations are gradually shelving, sandy beaches) because of the coastal topography, rough sea conditions or remoteness. As well as nets, some Queensland beaches increasingly use setlines (baited hooks suspended from drums anchored to the bottom).
There are negative aspects to the shark netting program that need addressing. The current operation costs more than two million dollars a year yet no serious effort is made to utilise the sharks for scientific research. On average, over 1500 sharks were caught during each year of the program, although recently the average is lower (i.e. nearer 600). Only basic catch details are recorded before the sharks are dumped at sea. Although some improvements have been made recently, species identifications are generally so poor that the data are of little use. In South Africa, which has a similar netting program, valuable information on the distribution and biology of captured sharks has been obtained. In both the United States and South Africa, the shark attack problem has been the stimulus for considerable research into sharks. In Australia, little research has been carried out on the larger, potentially dangerous species of shark. Furthermore, the removal of large numbers of sharks may have serious effects on the ecosystem. In South Africa, shark netting is thought to have caused a large increase in the population of small sharks by removing the larger species that normally feed on them. These small sharks affected the important bony fish resources in the area. Nets also kill large numbers of harmless species; for example, from 1962-1988 a staggering 13 765 rays, 3656 turtles, 576 dugongs and 520 dolphins were caught in the Queensland program alone. More recently, effort has focussed on reducing this bycatch through gear changes and the use of acoustic pingers.
Other potentially harmful cartilaginous fishes
Some other chondrichthyans can cause minor injury to humans, but these are rarely serious. Several ray groups have a barbed, venomous stinging spine on the tail. Confirmed reports of large stingrays killing swimmers and divers are extremely rare, although a few fatalities have been reported Last, P.R. and Stevens, J.D. (2009) . Sharks and Rays of Australia. Second Edition. CSIRO PUBLISHING, Melbourne, 656 pp. from Australia. These animals, while not naturally aggressive, are often very large and their long, sharp sting is capable of inflicting a deep and painful wound; the relative effects of the physical injury and from toxins injected by the sting is unknown. Smaller stingarees, common inshore in southern Australian waters, are also capable of inflicting a shallow but painful wound. The toxin in the venom apparatus of all rays is a large, water-soluble protein that is destroyed by heat. The pain can be alleviated by immersing the wound in hot water (about 50°C). Port Jackson sharks, chimaeras and dogfishes and their allies, have venom glands associated with the dorsal spines. Wounds from these fishes can produce mild to severe pain that is generally milder than from stingrays. Treatment of the victim is the same for both types of sting.
Electric rays are capable of producing a strong shock from paired organs arranged horizontally on each side of the disc. The organs contain a 'honeycomb' of cells filled with a jellylike substance that functions like a storage battery; the dorsal surface is positive and the ventral surface negative. These rays are reputed to produce shocks of up to 220 volts, although the voltage strengths produced by Australian species are unknown. Accounts of fishermen being thrown across the deck of a boat after touching large torpedo rays (Torpedo species) or numbfishes (Narcine species) are not uncommon.
IMPACT OF HUMANS ON SHARKS AND RAYS
Traditional fisheries
Sharks and rays have been a very important protein source for Australian Aborigines for many centuries. They are still caught seasonally off northern Australia (October to April) and usually prepared as buunhdhaarr: the liver and flesh are boiled separately, minced and mixed together. Various species of stingrays are considered to be 'in season' after the first thunderstorms of the wet season, the actual time varying between different species. On capture, the liver is checked and if it is pinkish white and oily the animal is considered suitable to eat. Similar criteria are used for evaluating small species of shark. Stingrays are speared by fishermen operating either from the bow of a small boat or by wading into chest-deep water off a beach. Rays are speared at distances of up to 15 m by experienced throwers. The stinging spine is sometimes used as a spear tip. Stingrays with two spines are considered inedible, as are the manta rays.
Commercial fisheries
Chondrichthyans are important primary produce in many parts of the world. In the last 15 years, more than 12 million tonnes (810 000 tonnes a year) of these fishes were reported by target fisheries throughout the world. Between 1990 and 2003, the reported shark catch increased by 20% and exports of shark products doubled. These figures are certainly gross under-estimates of the actual total catch due to non-reporting and discarding. Shark biomass in the fin trade is 3 to 4 times higher than reported catches in the only global database. While these quantities are small in comparison with the total bony fish catch, landings of cartilaginous fishes are becoming increasingly important.
Shark and ray fisheries require careful and specialised management as they are more susceptible to overfishing than most other fisheries. They are generally slow growing and late maturing; many species do not reach sexual maturity until they are 10-12 years old. Their reproductive strategy of producing relatively few, well-developed young means that the number of young produced is fairly closely linked to the size of the adult population. Most bony fishes, on the other hand, produce millions of eggs, very few of which survive; it is possible to fish the adult population to a very low level and the survivors will still produce enough eggs to replenish the population.
Cartilaginous fishes have been exploited for a range of commercial purposes. The flesh is used for food in many parts of the world, including Australia. The fins of sharks (and some rays) fetch high prices (currently up to A$100 per kilogram to fishers and several hundred dollars per kilogram retail) on the oriental market for shark-fin soup and as an aphrodisiac. During the 1940s shark-liver oil was in demand as a major source of vitamin A, but this market collapsed when synthetic products became available. There is still a demand for squalene oil, which is abundant in the livers of some sharks and dogfishes; squalene is used in the cosmetic industry and as a high-grade machine oil.
Interest in cartilaginous fishes for medical purposes is growing. Extracts from the cartilage have been found to suppress the development of tumours and may play a role in cancer treatment. Chondroiten, derived from cartilage, has been used as artificial skin for burn victims, extracts of shark bile have been used for treating acne, shark corneas have been used in human transplants, and anticoagulant blood-clotting agents have been extracted from some sharks.
Small markets exist for the skin of some species for leather and shagreen (used by cabinet makers instead of sandpaper), and for jaws and teeth as curios and in the jewellery trade. Large sharks and rays are important exhibits in public aquariums, and dogfishes are often used for training anatomy students and as experimental animals.
In the Australian region, sharks and rays are principally used for food: about 6000 tonnes of shark are landed annually. The southern shark fishery (mainly Gummy Shark) is now limited by quotas and currently accounts for a yearly catch of about 3000 tonnes off Victoria, Tasmania and South Australia. Western Australian vessels land about 1000 tonnes of Gummy, Dusky, Sandbar (Carcharhinus plumbeus) and Whiskery (Furgaleus macki) Sharks, and in the tropics, Queensland, Northern Territorian and Western Australian fishers catch about 2000 tonnes consisting mainly of Australian Blacktip (Carcharhinus tilstoni) and Spot-tail Sharks (Carcharhinus sorrah). From the early 1970s until 1986, a licensed Taiwanese fishery also exploited these tropical species, taking about 7000 tonnes a year.
Almost all shark landed in Australia is used for domestic consumption, much of it sold in Victoria under the marketing name of 'flake'. The southern shark fishery was first exploited in the 1920s, but overexploitation of School Sharks has resulted in effort now being concentrated on more productive Gummy Sharks. The Western Australian fishery for Dusky Shark is based on newly born fish of about 100 cm in length. The fishery for this late maturing and unproductive species is considered to be sustainable providing there is a very low level of fishing mortality of older sharks. In the tropical northern fishery, there is current concern over illegal Indonesian vessels targeting shark fin that may be having a negative impact on Australian resources.
Rays and skates are important food fish in Europe and parts of Asia. Some are among the most highly priced fishes in these regions, and catches are large in some areas; the inshore ray fishery of India, for example, has exceeded 60 000 tonnes annually. Although similar rays occur off Australia, there is currently only a small market for them locally. This situation may change, however, with market promotion and better consumer education. Skates (Rajidae) are abundant on the continental shelf and upper slope off southern Australia, and stingrays are among the most common large fishes in northern coastal waters. If large skate and ray fisheries develop, they will need careful management equivalent to the target shark fisheries.
Chimaeras are taken in the trawl and Danish seine bycatch and sold in markets of southern Australia. The main commercial species, the Elephant Fish (Callorhinchus milii), is targeted and sold as whitefish fillets. Other members of the group, which are quite abundant on the continental slope, are currently underexploited, but are likely to be used for food more often in the future.
Recreational fisheries
Many sharks and some rays are important sport fish in various parts of the world. In Australia, large numbers of sharks are caught by anglers near populated areas, particularly near Sydney. In the past, many of these sharks were killed and dumped at sea. However, with changing attitudes, there is now a much greater emphasis on tag and release. Since the movements of whaler and mackerel sharks are poorly understood in Australia, tag-release programs should be encouraged providing they are well organised and the sharks are handled carefully. The larger sharks that are retained could be a potentially valuable source of information for shark biologists. Many game fishing clubs keep meticulous records of their catches, and these data could be important for scientists and resource managers. When collecting data on any fish, however, it is important to accurately identify the species.
AIMS OF THIS BOOK
The main aim of the revised edition of this book is to provide an up-to-date identification guide to Australian sharks, rays and chimaeras for the use of ichthyologists, fishermen, divers and the general public. As a field guide, this version and its predecessor are bulky but both are intended to be functional in the field; users can simply match illustrations to specimens or be more rigorous and follow the keys to the descriptions of each species. Where possible, we have opted to use external characters that are easy to see or measure on fresh animals. Apart from vertebral counts, we have excluded specialised internal characters such as skull morphology, fin ray counts or intestinal valve counts, even though they sometimes provide the best means of distinguishing between closely related species.
Preparation of the original edition of this book entailed a major revision of the Australian shark and ray fauna. In the process, about a third of the fauna was either new to science, or unable to be identified to a known species. Unidentifiable species were denoted in the text as 'sp. A', 'sp. B', etc. As stated earlier, we did not attempt to formally name these species in the original edition because we needed to resolve nomenclatural issues and publish more detailed descriptions of each species in technical journals. In this edition, all newly named species as well as recently discovered species are included.
The introductory accounts given in this chapter on general chondrichthyan biology, a faunal review, zoogeography, interaction with humans, and shark attack are intended only as a brief overview as other authors have treated these subjects in more detail. Additional information on how to use this book, as well as new features of the second edition, is given in the following chapter.
